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(57) Claims 

(1) A catheter balloon for blood vessel dilatation composed of a high-molecular- weight 
biaxially-oriented flexible polymer, in which the tensile strength of the balloon wall is at 
least 3 1,700 psi (206.9 MPa). 

(2) A catheter balloon according to Claim 1, having a bursting pressure of at least 200 psi 
(1.4 MPa). 
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(3) A catheter balloon according to Claim 1, whereby the polymer is a polyethylene 
terephthalate homopolyester having an intrinsic viscosity of 0.8-1.1. 

(4) A catheter balloon according to Claim 1, whereby the wall thickness is 0.028-0.045 
mm. 

(5) A catheter balloon according to Claim 1, whereby the bursting pressure is at least 200 
psi ( 1 .4 MPa) and the radial expansion is less than 5% at 200 psi (1.4 MPa). 

(6) A catheter balloon according to Claim 1 , whereby the bursting pressure is at least 400 
psi (2.8 MPa) and the radial expansion is less than 10% at 400 psi (2.8 MPa). 

(7) A catheter balloon according to Claim 1, whereby the bursting pressure is at least 500 
psi (3.4 MPa) and the radial expansion is less than 10% at 500 psi (3.4 MPa). 

Detailed Description of the Invention 

Industrial Field of Use: 

This invention relates to catheter balloons that are particularly useful in medical . 
dilatation procedures. 

Description of the Prior Invention: 

An improved method for using dilatation catheters in the treatment of arterial stenosis 
has been described in the article entitled "Non-surgical dilatation of coronary arterial 
stenosis — Percutaneous luminal coronary angioplasty,"* by Gruentig etal in The New 
England Journal of Medicine, Vol. 2, No. 301, pp. 61-68 (June 12, 1979). According to 
Gruentig and his colleagues, luminal coronary angioplasty for the treatment of sclerotic 
disorders in the arteries of the thigh was first introduced in 1964 by Dotter and Judkins. 

The present invention relates to a catheter balloon for blood vessels. In this invention, 
the term 'blood vessels' is used in a sense that encompasses not only coronary blood 
vessels, but also all blood vessels other than coronary vessels, such as peripheral blood 
vessels. 

Balloon catheters are not limited only to the treatment of arterial stenoses, and have 
been found to be useful in many medical applications, including insertion into blood 
vessels, as well as insertion into various body cavities. 

Medical procedures that use balloon catheters are still at the developmental stage, but 
considerable technology has already been acquired, particularly in the United States, on 
methods for using balloon catheters and methods for their production. Representative of 



* As this is a translation from the Japanese, which itself is a translation from English, it may differ 
somewhat from the original title. — The Language Service. 
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such prior art methods are U.S. Patent Nos. 4,093,484, 4,154,244 and 4,254,774. 
Balloons can be produced from various known materials that are generally thermoplastic. 
The known materials cited in the above patents include compositions obtained by mixing 
an ethylene-butylene-styrene block copolymer with a low-molecular-weight polystyrene, 
and adding polypropylene as required, as well as similar compositions in which butadiene 
or isoprene is used instead of ethylene and butylene, and also polyurethanes, polyester 
copolymers, thermoplastic rubbers, silicone polycarbonate copolymers, and ethylene - 
vinyl acetate copolymers. 

Problems the Invention Sets Out to Resolve 

The object of this invention is to provide catheter balloons that have better physical 
characteristics, such as toughness, flexibility and tensile strength, than catheter balloons 
known in the prior art. Another object of this invention is to provide catheter balloons 
which, because of their excellent physical characteristics, have a thinner wall thickness 
than the catheter balloons hitherto used. Yet another object of this invention is to provide 
catheter balloons which, because they are flexible and have a thin wall thickness, can be 
easily collapsed within the body, and can also be easily moved. Still another object of this 
invention is to provide catheter balloons having very little elongation or radial creep 
when inflated to the pressure required for carrying out the desired medical maneuver. In 
the present specification, this elongation or radial creep shall hereinafter be referred to 
collectively as radial expansion. Yet another object of this invention is to provide a 
catheter balloon which, when it bursts under applied pressure, does so in the axial 
direction, forms a bursting seam in the axial direction, and can be removed without 
imparting trauma. It is known that, in catheter balloons in which bursting occurs 
circumferentially, the fragments are either very difficult to remove or cannot be removed 
non-surgically. Still another object of this invention is to provide catheter balloons that 
can be used in medical maneuvers with a high degree of success because of the excellent 
physical characteristics. A further object of this invention is to provide catheter balloons 
which, because of their excellent physical characteristics, can be used in medical 
maneuvers under conditions that cannot currently be attained using prior-art commercial 
catheter balloons. These and other objects shall become apparent from the explanation 
given below. 
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Means for Resolving the Problems 

The present invention relates to improved catheter balloons for blood vessel dilatation 
that have a special combination of physical characteristics, and are useful in particular for 
medical dilatation maneuvers. The term 'blood vessel dilatation" refers in the present 
specification to the dilatation of the channel within a blood vessel so as to allow, blood to 
flow (in other words, it does not mean to enlarge the size of a blood vessel). 

According to the present invention, the above-described catheter balloons can be 
produced by stretching a polymer tube that is preferably made of a homogeneous polymer 
such as polyethylene terephthalate (PET) and has a given length LI and preferably an 
inside diameter (ID) about one-half of the outside diameter (OD), within a temperature 
range of from the second-order transition point of the polymer to the first-order transition 
point, preferably 84-99°C, and most preferably 86-96°C, to some length L2, which is 
preferably a length 3-6 times LI; then inflating the stretched tube having inside diameter 
ID 1 and outside diameter OD 1 by means of an inflation member to an inside diameter 
ID 2 that is 6-8 times ID [1] and to an outside diameter OD 2 that is about 3-4 times OD 
[1]; and subsequently cooling this stretched and inflated tube to its second-order 
transition point. In the balloon thus formed, the tensile strength of the wall is at least 
3 1 ,700 psi (206.9 MPa). The ideal PET homogeneous polymer has an intrinsic viscosity, 
after being rendered into a tube then formed into a balloon, of 0.8-1 .1. The tensile 
strength of the film is given by the following known film equation: 

a2 = pr/h 

where ^2 1S tne tens il e strength of the film, 
p is the pressure applied, 
r is the radius, 
h is the wall thickness 
(S. Timoshenko: Strength of Materials, Part II, 2nd ed. {New York: D. van Nostrand 
Company Inc., 1941 }, p. 165.) 

Based upon the above equation, from the data below for balloons C, D and E of the 
present invention, the tensile strengths for balloons C, D and E were respectively 
calculated to be 31,700 psi, 33,600 psi and 35,000 psi. 

Similarly, based on the above equation, the tensile strengths of comparative 
commercial balloons A and B were respectively calculated from the data indicated below 
to be 9900 psi and 9900 psi (the tens place has been rounded off in these values). Ideal 
tubes such as these can be produced by a conventional extrusion process from PET 
homogeneous polymer having an intrinsic viscosity of 1.0-1.3, and a density of 1.35- 
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1.45. The balloons produced by means of this invention have a special combination of 
film characteristics, such as toughness, flexibility and tensile strength. For example, the 
balloons of the present invention can have a bursting pressure at an ambient temperature 
(20°C) of at least 200 psi (1 .4 MPa), preferably at least 400 psi (2.8 MPa), and even more 
preferably at least 500 psi (3.4 MPa), Moreover, in the balloons of this invention, the 
coefficient of radial expansion beyond the nominal inflated diameter is less than 5% at a 
pressure of 200 psi (1.4 MPa), and is less than 10% at a pressure of 400 psi (2.8 MPa). 
Fig. 2 is a graph of the bursting pressure versus the radial expansion coefficient for two 
ordinary commercial balloons (A and B) composed of polyvinyl chloride, and three 
balloons according to the present invention (C, D and E) composed of PET homogeneous 
polymer. Balloons A and C have nominal outside diameters of 3.7 mm, balloons B and D 
have nominal outside diameters of 5.0 mm, and this value is 6.0 mm in E. The wall 
thicknesses of A through E are respectively about 0.028, 0.38 [sic], 0.028, 0.038 and 
0.045 mm. The coefficient of radial expansion data for the balloons of the present 
invention were calculated from the known film equation and from the ultimate extension 
similarly measured in biaxially oriented flat film samples. The same calculations were 
also carried out for the polyvinyl chloride balloons, but literature values were used as the 
ultimate extension data. The bursting pressures of the balloons according to the present 
invention were discovered to be respectively 3.2, 3.4, and 3.5 times as high as in the 
balloons according to the prior art. With regard to the bursting pressure and the radial 
expansion coefficient data reported in this specification, measurement of the radial 
expansion coefficient starts from the point at which pressure has been applied to the 
balloon until the creases vanish; that is, after [the balloon] has been inflated from the 
collapsed point to the nominally inflated diameter. In the PET homogeneous polymer of 
the present invention, it takes a gas pressure of 75-100 psi (0.5-0.7 MPa) to reach this 
first inflation point. The balloon is generally worked and produced from a tube of high- 
strength balloon polymer at a high stretch-expansion ratio; that is, near the upper limit in 
the ratio of stretching and expansion. The balloon thus produced has a small elongation. 
This is reflected in the fact that the expansion value at the inflation pressure applied is 
low compared with balloons produced under low stretch-expansion conditions. 

The intrinsic viscosity was measured by the method in ANSI/ASTM D2857-70, and 
the density was measured by the method in ASTM D1505. The bursting pressure is 
measured by a simple experimental method in which one end of the polymer balloon is 
sealed and pressurized gas is gradually introduced into the other end. In this specification, 
the inflated pressure when the balloon bursts at about 20°C (ambient temperature) is 
called the bursting pressure. 
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Production of the balloon can be carried out by a conventional method using a special 
polymer as the fabrication material. For example, a polymer tube having appropriate 
dimensions and a high molecular weight is first stretched at a suitable temperature from a 
length LI to L2. Next, the stretched tube is inflated within a constraining device like that 
shown in Fig. 1. This device constitutes part of the present invention. As indicated here, 
during the inflation step, a pressurized fluid can be filled in one end of the tube. The mold 
has a cavity with dimensions that agree with the desired size of the balloon to be 
fabricated. Any fluid, an example of which is a gas such as nitrogen, can be used for 
pressurization in order to inflate the stretched tube. As shown in Fig. 1, when the tube is 
made to extend outside of the mold, it is preferable that the tube dimensions be 
maintained in a zone outside of the mold, and that the constraining member be used for 
applying pressure to the inside wall of the tube. This constraining member can be 
produced from any material that does not deform under the tube inflation conditions. 
After the stretched tube has been placed in the mold, it is heated, thereby raising the 
temperature of the tube. The same general temperature can be used in the stretching .and 
inflation steps. A suitable temperature is a temperature from the first-order transition 
point to the second-order transition point of the polymer from which the tube has been 
made. The temperature for the PET homogeneous polymer shown here is preferably 84- 
99°C, and most preferably 86~96°C. In this specification, only a PET homogeneous 
polymer is indicated as the polymer, but use can be made of any high-molecular-weight 
polymer that can be stretched and inflated after being extruded and formed into a tube by 
the ordinary method described above, such as PET copolymers or even non-polyester 
polymers, provided these exhibit the film properties desired in the resulting balloons, 
such as toughness, flexibility and tensile strength. In cases where this balloon is used in 
medical maneuvers that bring them into contact with [bodily] tissues, the polymer 
structural material must have compatibility with [bodily] tissues. 

In this invention, it is important that the intrinsic viscosity serving as a measure of the 
molecular weight of the polymer be high. In cases where the polymer is a PET resin 
homogeneous polyester polymer or a polyester copolymer, a special known method for 
increasing the molecular weight to the required level can be employed. The most 
common commercial PET homogeneous polymer generally has an intrinsic viscosity of 
about 0.5-0.6, which is much lower than the required value of 1 .0-1 .3. 

Those conversant in the field to which this relates will recognize the need to make a 
certain degree of adjustments in the stretching and expansion ratios, the stretching and 
expansion temperatures, and the intrinsic viscosity (molecular weight) and density, in 
order to compensate for differences in the basic physical characteristics between the PET 
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homogeneous polymer cited in this specification and other polymers for producing the 
balloon. 

In addition, those conversant in the field to which this relates will understand that, 
although the tube stretching step is carried out before the step in which the tube is 
inflated, inflation may be carried out immediately after tube stretching or may be carried 
out later on. In addition, stretching of the tube can be carried out using any suitable 
stretching device, but in this step it is convenient for the already stretched tube to be in a 
suitable position when carrying out inflation in the device shown in Fig. 1. It is necessary, 
for the sake of the recovery properties of the molded polymer structure that has been 
stretched by means of the method used in this invention, to apply tension to the stretched 
tube in the axial direction at the time of the inflation step. In accordance with the 
explanation given above, as will be readily apparent to those conversant in the field to 
which this relates, the stretching and inflation steps may be carried out at the same or 
different temperatures. The desired temperature can be obtained by any suitable heat 
generator. High-temperature water was used in an actual experiment carried out here 
using PET homogeneous polymer. The stretching of the tube was carried out by 
suspending a weight from the mold. 

Inflatable balloon catheters that use the balloon of the present invention can be 
fabricated by a conventional method, and these catheters can be used in accordance with 
allowed medical techniques. 

Example 

A typical example of this invention is described below. In this embodiment, reference 
is made to Fig. 1 in order to indicate the dimensions A, B, C and D of the cylinder. This 
is because, as will be apparent from the explanation below, the specific embodiment in 
this example is only partially reflected in this diagram. As shown in Fig. 1, a tube (1.5 
mm OD x 0.75 mm ID) was inserted into a mold having a cavity with a cylindrical shape. 
A taper was provided on one end of this cylinder, and this cylinder had a small diameter 
that was slightly larger than the outside diameter of the tube. The diameter D of the cavity 
was about 5 mm, and the length A+B+C was about 15 mm. The mold was closed onto the 
tube at the bottom, a weight was attached to the mold, and the desired axial stretching 
(about 3-fold) was carried out. The combined weight of the mold and the weight was 
about 150 g. The weight of this assembly (mold, tube and weight) was supported by the 
tube, and the top end of the tube was inserted and secured in place within a tube fitting. 
This assembly was inserted into a medium at 87°C and heated for about one minute. 
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Because of the weight of the assembly supported by the tube within the heated liquid 
during this period, orientation in the axial direction occurs. A gas pressure of about 200 
psi (1 .4 MPa) is applied to the tube, and the tube is oriented in the radial direction 
(approx. 3.33-fold) within the mold cavity. The pressurization step is continued for 
approximately 2 minutes. Somewhat of an axial orientation is applied during this period. 
The assembly is immersed in cold liquid and cooled, thereby alleviating the pressure, 
after which the finished balloon is removed from the mold. 

Using the method of this invention, balloons having wall thicknesses of about 0.028- 
0.045 mm and, as shown in Fig. 2, bursting strengths of 480-525 psi (3.3-3.6 MPa) were 
fabricated. The failure state (by bursting) of balloons such as these was a state involving 
the formation of an elliptical hole in which the major axis was essentially aligned with the 
axial direction. 

In another method of production suitable for mass production, use was made of a 
stationary mold having high-temperature and low-temperature fluid channels at the 
interior. The tube was axially oriented to a fixed ratio using a stepping motor instead of 
attaching a weight. Further axial stretching was needed in the radial expansion step. 

Brief Description of the Diagrams 

Fig. 1 is a vertical sectional diagram showing just the back half of the mold, balloon, 
tube, and accessory components in a device that can be used to fabricate the balloons of 
the present invention from a stretched polymer tube. Fig. 2 is a graph that compares the 
relationship of the radial expansion ratio (%) versus bursting pressure (psi) for three 
balloons (C, D and E) of the present invention with the same relationship for two 
balloons (A and B) according to the prior art. 
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"Catheter Balloon," was prepared by Frederic Metreaud from the original document 
submitted to him in the Japanese language. 

I further certify that I know Frederic Metreaud to be a professional translator thoroughly 
familiar with the Japanese and English languages and that the attached translation is a true, 
complete, and correct English version of the original document to the best of my 
knowledge and belief. 




Sworn to before me on this 
21st day of March, 1997 
Poughkeepsie, New York 



^ Qualified in Dutchess Countv on 
Commission Expires Ja^m^ 




Corporate Member 
AMERICAN TRANSLATORS ASSOCIATION 



"Translators to Industry and the Professions Since 1950" 



